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(54) Method and apparatus for cleaning by megasonics. 



(57) Cleaning methods and apparatus for remov- 
ing particulate materials from the surfaces of 
objects (16) are disclosed. Megasonic vib- 
rations are utilized to cause a liquid cleaning 
fluid (11) in a first reservoir (12) to rise above the 
upper end (13) of the first reservoir, contact the 
surface of the object to be cleaned and flow 
over a weir (13) at the upper end of the first 
reservoir into a second reservoir (15). The 
methods and apparatus are useful to remove 
smalt particles, e.g. having a particle size of less 
than about 1 micron, from flat or curved planar 
surfaces. The methods and apparatus can be 
integrated with subsequent processing steps, 
e.g. applying thin film coatings, without inter- 
mediate handling of the objects. 
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Field of the Invention 

The present invention relates to cleaning objects. 
More specifically, the present invention relates to 
methods and apparatus for cleaning objects which 
have curved or flat planar surfaces using megasonic 
vibrations. 

Background of the Invention 

The application of thin coatings, e.g., less than 
about 10 microns, has become an increasingly impor- 
tant step in the manufacturing of various products 
such as, for example: flat panel displays such as used 
in lap top computers, high definition television and 
computer cathode ray tubes; optical devices such as 
lenses, colorf ilters and mirrors; hybrid circuit boards, 
silicon wafers and germanium wafers. 

As the thickness of such coatings decreases, 
e.g., to about 1 micron or less, it is necessary for the 
surfaces of the objects being coated to be extremely 
clean in order to insure minimal defects in the coat- 
ings. For example, some active display panels have 
as many as 10 to 15 layers of coatings, each having 
thicknesses of from about 500 angstroms to 5 mi- 
crons. Some wafers have conductive line spacings on 
the order of about 0.5 micron. Accordingly, particles 
even as small as about 1 micron or less can interfere 
and cause defects in these extremely thin coatings. 

Ultrasonic transducers are often used to intro- 
duce vibrations into cleaning solutions to enhance 
the removal of particles from the surfaces of objects. 
Ultrasonic transducers vibrate at frequencies of from 
about 10 to 40 kiiohertz ("KHz"). While ultrasonic 
cleaning is effective to move relatively large partic- 
les, it is virtually ineffective in removing particles hav- 
ing a particle size of about 1 micron or less. 

Megasonic cleaning is a method similar to ultra- 
sonic cleaning, but uses vibration frequencies of ap- 
proximately 800 KHz to 1.8 megahertz ("MHz"). 
Megasonic cleaning can be highly effective for re- 
moving particles having a particle size of about 1 mi- 
cron or less. 

Ultrasonic and megasonic cleaning methods 
usually involve immersing the objects in a bath of liq- 
uid cleaning fluid and introducing the ultrasonic or 
megasonic vibrations through the cleaning fluid to 
dislodge particles attached to the surface of the ob- 
jects. Such cleaning methods usually operate in a 
batch mode, thereby requiring subsequent handling 
of the objects, either by robots or humans, after 
cleaning and prior to the next process step, e.g., coat-' 
ing. Accordingly, small particles can readily attach to 
the surfaces during such handling. 

One particularly useful method for applying thin 
coatings to objects is described in U.S. Pat nt No. 
4,370,376, issued January 25th, 1983. At Column 1, 
lines 40 to 57, the patentees disclose that: 



"According to the present invention, meniscus 
coating of an object such as a substrate is accom- 
plished by flowing a coating material through a per- 
meable and sloping surface, so as to develop a down- 
5 ward laminar flow of coating material on the outside 
of the sloping surface. The object, having a surface 
to be coated, is advanced tangent ially to the down- 
ward laminar flow of coating material, such that the 
surface to be coated intersects the laminar flow of 

w coating material at the apex of the sloping, perme- 
able surface menisci of flowing coating material are 
supported both at the leading edge and the trailing 
edge of coating material in contact with the surface 
to be coated. The uniform disengagement and drain- 

15 age of deposited excess coating material from the 
coated surface are ensured by uniform menisci and 
the constant downward laminar flovy of coating'mate- 
rial on the outside of the sloping surface." 

The patentees further disclose that surface of 

20 the object may be cleaned prior to coating. At Column 
6, lines 38 to 46, the patentees disclose that: 

"The cleaning processes may include solvent 
washing with brushes, ultrasonic scrubbing and/or 
other mechanical scrubbing methods. The substrate 

25 may then be rinsed with high purity water and/or sol- 
vent prior to solvent drying and removal. A porous cyl- 
indrical applicator may be utilized, also, to clean and 
rinse the substrate with solvents. Solvent drying may 
include evaporative operations via controlled gas 

30 flow and/or vacuum processes." 

However, although such cleaning methods are typi- 
cally effective to remove relatively large particles, 
e.g., greater than about 1 micron, they are often in- 
effective to remove particles having particle sizes of 

35 less than about 1 micron. 

Accordingly, methods and apparatus are desired 
for cleaning the surfaces of objects to remove small 
particles, e.g., less than about 1 micron. In addition, 
methods and apparatus for cleaning such objects are 

40 desired which can be utilized immediately prior to 
subsequent processing steps which are sensitive to 
the presence of the particles. 

Summary of the Invention 

45 

In accordance with the present invention, meth- 
ods and apparatus are provided for cleaning the sur- 
faces of objects to remove small particles, e.g., less 
than about 1 micron. By virtue of the present inven- 
so tion it is now possible to clean the surfaces without 
requiring intermediate handling of the objects prior to 
subsequent processing steps, e.g., coating, which 
may be sensitive to the presence of the particles. 
In one aspect of the present inv ntion, a method 
55 is provided for cleaning an object. The method in- 
cludes the steps of: 

a) introducing megasonic vibrations into a vol- 
ume of a liquid cleaning fluid having an upper liq- 
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uid lev I, said fluid being contained in a first re- 
s rvoir having a w ir, said vibrations being effec- 
tive to caus the upper i vel of said fluid to rise 
above the weir at a distance of at least 0.5 milli- 
meter and said fluid to flow ov r the w ir into a 
second reservoir; and 

b) contacting the upper level of the fluid above 
the weir with a surface of the object to be 
cleaned, the surface of the object being disposed 
above the weir such that at least a portion of the 
fluid contacts the surface of the object prior to 
flowing over the weir into the second reservoir. 
In another aspect of the present invention, an ap- 
paratus is provided for cleaning an object. The appa- 
ratus includes: 

a) a first reservoir having a top end which is at 
least partially open, a bottom end which is at 
least partially closed, at least one side wall and 
a weir disposed at the top end; 

b) a second reservoir having a top end which is 
at least partially open, a bottom end which is at 
least partially closed and at least one side wall, 
said second reservoir being positioned such that 
the top end of the second reservoir is below the 
top end of the first reservoir and alligned to re- 
ceive a liquid cleaning fluid flowing from the first 
reservoir over the weir; and 

c) a transducer disposed at the bottom end of the 
first reservoir, said transducer being capable of 
generating megasonic vibrations in a generally 
perpendicular direction from the bottom end to- 
ward the top end of the first reservoir. 

Brief Description of the Drawings 

Figure 1, is a schematic illustrating a cleaning 
method in accordance with the present invention. 

Figure 2, is a schematic illustrating a cleaning ap- 
paratus in accordance with the present invention. 

Detailed Description of the Invention 

The particular objects being cleaned are not crit- 
ical to the present invention. Typically, cleaning may 
be required, for example, as a pretreatment step in 
coating operations or for enhancing the adhesion 
properties of a surface or for promoting the surface 
wetting characteristics of an object. The methods and 
apparatus of the present invention are particularly 
suited for cleaning objects which have flat or curved 
planar surfaces. Examples of such objects include, 
but are not limited to: flat panel displays such as used 
in lap top computers, high definition television and 
computer cathode ray tubes; optical devices such as 
lenses, colorf ilters and mirrors; hybrid circuit boards, 
silicon and germanium wafers (also ref rred to in th 
art as semiconductors) arid memory disks, etc. In ad- 
dition, the surfaces of the objects can either b 



smooth, e.g., a glass panel, or irregular, .g. t silicon 
wafers or gemanium wafers which have a stepped to- 
pography. Typical materials of construction of the ob- 
jects include, for example, glass, c ramies, metals, 

5 plastics and combinations thereof. 

The particles, also referred to herein as "partic- 
ulate materials", generally have a particle siz of 
about 10 microns or less. Preferably, the particle size 
is about 1 micron or less and most preferably from 

10 about 0.1 to 1 micron. Such particulate materials are 
often present in the atmosphere where manufactur- 
ing operations are conducted, even in clean-room en- 
vironments. The sources of such particulate materi- 
als include, for example, dust, microorganisms and 

15 organic vapors. 

The particular liquid cleaning fluids are not criti- 
cal to present invention. Typical cleaning fluids in- 
clude, for example, solvents and detergents. How- 
ever, solvents are generally preferred since they are 

20 generally more volatile than aqueous detergents and 
accordingly the time required for evaporation of the 
solvents is less. Lower alcohols, e.g., those having 
from 1 to 4 carbon atoms, are a preferred class of sol- 
vents. Ethanol and isopropyl alcohol are especially 

25 preferred cleaning fluids for use in accordance with 
the present invention. 

The invention is further described with reference 
to the drawings which are presented for illustrative 
purposes and are not intended to limit the scope of 

30 the claims which follow. Those skilled in the art will 
recognize that the drawings are presented in a sim- 
plified form and do not illustrate various details which 
are known to those skilled in the art such as, for ex- 
ample, valves, switches, process control devices, wir- 

35 ing, heating elements and the like. 

Figure 1 is a schematic illustrating a method for 
cleaning in accordance with the present invention. A 
transducer 10 is used to introduce megasonic vibra- 
tions, preferably having a vibration frequency of from 

40 about 800 KHz to 1.8 MHz, into a volume of liquid 
cleaning fluid 1 1 which is contained is a first reservoir 

12. Prior to introducing the megasonic vibrations, the 
fluid has an upper liquid level within the first res rvoir 
at a LEVEL 1. 

45 Upon energizing transducer 10, megasonic vi- 

brations travel upward through the fluid and raise the 
upper liquid level to a LEVEL 2 which is above a weir 

13. Typically the distance between the upward liquid 
level, i.e., LEVEL 2, and the weir will be at least about 

so 0.5 millimeters, preferably from about 1 to 10 millime- 
ters and most preferably from about 2 to 5 millime- 
ters. Preferably, the source of the megasonic vibra- 
tions is from a lower portion of the first reservoir and 
the waves travel through the fluid in a generally per- 

55 pendicular direction from the bottom end of the first 
reservoir toward the top end. The level of energy input 
required to achieve movement of the fluid depends on 
the volume of fluid in th firstres rvoir and can b de- 
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termined by those skilled in the art. For example, for 
fluid volumes on the order of about 2 liters, typical en-, 
ergy input levels will range from about 20 to 100 
watts. 

When the liquid level rises abov weir 13, a por- 5 
tion of the fluid 14 flows over the weir and into a sec- 
ond reservoir 15 which collects the overflow. The up- 
per liquid level of the fluid, i.e., fluid above the weir, 
is then contacted with a surface of the object to be 
cleaned 16 which is generally disposed above the 10 
weir such that at least a portion of the fluid contacts 
the surface prior to flowing over weir 13 into second 
reservoir 15. The orientation of object 16 is preferably 
inverted relative to the upper liquid level of the clean- 
ing fluid. The contacting can be accomplished, for ex- 15 
ample, either by raising first reservoir 12 to a level 
where the upper level of the fluid contacts the object, 
or, alternatively, by lowering the surface of the object 
until it contacts the upper level of the fluid. Prefer- 
ably, the contacting is accomplished by raising the 20 
first reservoir to a level such that weir 1 3 almost con- 
tacts the surface of object 16 and is sufficient to form 
menisci 17 which comprises a liquid column disposed 
between the surface of object 16 and the upper end 
of first reservoir 12, e.g., from about 1 to 5 millime- 25 
ters. Then, first reservoir 1 2 is lowered to a distance 
such that menisci 17 are maintained yet there is a 
substantially free flow of fluid 14 over weir 13. Typi- 
cally, the distance between the upper end of the first 
reservoir, i.e., weir 13, and the surface of object 16 30 
will be greater than about 1 millimeter and preferably 
from about 2 to 10 millimeters after first reservoir 12 
has been lowered. 

The cleaning can be conducted in a stationary 
position, or, alternatively, object 16 can be advanced . 35 
relative to first reservoir 12. Either object 16 or first 
reservoir 1 2 or both can be physically moved to effect 
the advancement. It is preferred to advance object 16 
r lative to first reservoir 12 in a generally horizontal 
direction. However, the orientation of object 16 can 40 
be inclined if desired. Typical rates of advancement 
are from about 1 0 to 1 ,000 millimeters per minute and 
more typically from about 25 to 250 millimeters per 
minute. Object 16 is advanced in the direction of the 
arrow to provide a film of solvent 1 8 which preferably 45 
evaporates at or faster than the rate of advancement 
of object 16. Heating and/or purging with an inert gas, 
e.g., nitrogen, can be used to increase the evapora- 
tion rate of the solvent if desired. Such techniques are 
known to those skilled in the art. 50 

Fluid is withdrawn from second reservoir 15 via 
line 19 and passed to a pump 20 in order to recirculate 
the fluid back to first reservoir 1 2. Preferably, such re- 
circulation causes fluid 11 in first reservoir 12 to flow 
over weir 13 into second reservoir 15. This is believed 55 
to enhance the cleaning action of the megasonic vi- 
brations. Accordingly, preferably the flow rate 
through pump 20 is sufficient to create fluid flow over 



weir 13. Circulation rates generally rang from about 
1 volume of fluid per 100 minutes to about 1 volume 
of fluid per minute. The volume of cleaning fluid is not 
critical to the present invention but typically ranges 
from about 10 milliliters to about 10 liters. Th recir- 
culation step is preferably conducted continuously 
during the steps of introducing the megasonic vibra- 
tions and contacting the fluid with surface of object 
16. The pressusre of fluid in line 21 is typically from 
about 2 to 6 psig depending on the pore size of the 
filter and viscosity of the cleaning fluid. 

The fluid withdrawn from second reservoir 15 of- 
ten contains particulate materials. Accordingly, it is 
preferred to pass the fluid withdrawn from pump 20 
via line 21 to a filter 22. Preferably, the filtration step 
is effective to remove at least about 90 percent, and 
more preferably at least about 99 percent, of the par- 
ticulate materials in line 21 having a particle size 
greater than about 0.1 micron. A pressurized, filtered 
fluid is withdrawn from filter 22 via line 23, passed 
through a heating and cooling element 24 and intro- 
duced into first reservoir 12 via line 25. 

The cleaning method of the present invention 
can be effective to remove particles having particles 
sizes of less than about 1 micron from the surfaces 
of objects. Preferably, after cleaning, less than about 
90 percent, and more preferably less than about 99 
percent, of the particles on the surface of the object 
have a particle size of greater than about 0.1 micron. 
Methods for measuring the amount and size of par- 
ticles remaining on the surface after cleaning are 
known to those skilled in the art. 

The temperature at which the cleaning is con- 
ducted is not critical to the present invention although 
it is generally desirable to operate the method at a 
temperature below the boiling point of the cleaning 
fluid. Typical operating temperatures are in the range 
of about 60° to 150°F. Preferably, the cleaning is con- 
ducted at about ambient temperature, i.e., room tem- 
perature, to about 15°F above ambient temperature 
in order to avoid condensation of water from the sur- 
rounding atmosphere onto the surface of the object. 
One advantage of the present invention is that the 
megasonic vibrations are often effective to increase 
the temperature of the surface of the object by up to 
about 15°F. This temperature increase has been 
found to enhance the evaporation rate of the cleaning 
fluid remaining on the surface after cleaning. The 
above-mentioned heating and cooling element 24 is 
useful for controlling the temperature of the cleaning 
fluid at the desired temperature. 

The operating pressure at which the cleaning is 
conducted is also not critical to the present invention. 
Typically, the process will operate at about atmos- 
pheric pr ssure, although superatmospheric pres- 
sures and vacuum pressures can be employed. For 
example, it may b desirable to perform the cleaning 
step at slightly positive pressure, e.g., 2 to 5 psig in 
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an inert atmosphere with a purge gas, e.g., nitrogen, 
helium or argon. Similarly, it may be desirable to per- 
form the cleaning step under slight vacuum condi- 
tions, e.g., less than about 1 psig, in order to divert 
the flow of evaporating solvent to a desired location. 5 

The methods of the present invention are useful 
for cleaning the surface of an object prior to a subse- 
quent processing step, such as, for example, coating, 
adhesion promotion or enhancing wetability. The 
methods are particularly useful when integrated with 10 
a process in order to perform the cleaning step imme- 
diately prior to the subsequent processing step. For 
example, the coating method described in above- 
referenced U.S. Pat No. 4,370,356 can be readily 
adapted to accomodate the cleaning methods of the is 
present invention because the coating step is per- 
formed on a object which is inverted. Thus, the meth- 
ods of the present invention can be conducted, in line, 
immediately prior to the coating step. Even in other 
processees where the coating step is performed on 20 
an upright surface, e.g., spin coating, spray coating 
and roller coating, the methods of the present inven- 
tion can be readily integrated by utilizing a rotating 
chuck for holding the object. Details concerning such 
rotating chucks are known by those skilled in the art. 25 

Figure 2 is a schematic illustrating an apparatus 
in accordance with the present invention. The appa- 
ratus comprises a first reservoir 30 having a top end 

31 which is at least partially open, a bottom end 32 
which is at least partially closed, at least one side wall 30 
33 and a weir 34 disposed at the top end. Preferably 

top end 31 is completely open. Preferably bottom end 

32 is closed except for passages to allow fluid trans- 
port via line 46, the source of which is hereafter de- 
scribed. Alternatively, bottom end 32 can be com- 35 
pletely closed and the opening for line 46 can be in the 

side wall. The number of side walls 33 depends upon 
the cross-sectional geometry of the first reservoir. 
From a top view prospective, the first reservoir may 
have, for example, a circular, square, rectangular, tri- 40. 
angular or eliptical cross-section, although other 
cross-sectional geometries are within the scope of 
the invention. Preferably, there is either 1 side wall, 
e.g., circular cross-section, or 4 side walls e.g., rec- 
tangular cross-section. Preferably, the top end of the 45 
side wall or side walls forms the weir. Thus, when first 
reservoir 30 has a rectangular cross-section, for ex- 
ample, the upper end of each side wall forms the weir. 
When first reservoir 30 has a circular cross-section, 
for example, there is one continuous side wall which so 
forms the weir at its upper nd. Alternatively, the weir 
can also be present as a separate element attached 
to a side wall, for example. 

The apparatus also comprises a second reser- 
voir 35 having a top end 36 which is at least partially 55 
open, a bottom end 37 which is at least partially 
closed and at least one side wall. Preferably top end 
36 is compl tely opened. Preferably bottom end 37 is 



closed except for passages to allow fluid transport 
out via line 40, the source which is hereafter descri- 
bed. Alternatively, bottom end 37 can b completely 
closed and the opening for line 40 can be in the side 
wall. The number of side walls 38 depends, in a sim- 
ilar fashion to first reservoir 30, on its cross-sectional 
geometry. Preferably second reservoir 35 has the 
same cross sectional geometry as first reservoir 30, 
with first reservoir 30 being disposed generally con- 
centrically within second reservoir 35. Preferably, 
second reservoir 35 is positioned such that top end 
36 is disposed below top end 31 of first reservoir 30 
and alligned to receive a liquid cleaning fluid flowing 
from first reservoir 30 over weir 34. Second reservoir 
35 can be a physically separate element from first re- 
servoir 30 or be attached thereto or be an integral, 
e.g., molded, part thereof. Those skilled in the art will 
recognize that second reservoir 35 can be configured 
with first reservoir 30 in various ways in order to per- 
mit the flow of cleaning fluid from first reservoir 30 to 
second reservoir 35. 

The materials of construction of first reservoir 30 
and second reservoir 35 are not critical to the present 
invention. Typical materials of construction include, 
for example, metal, glass, ceramics, plastics and 
combinations thereof. Preferably, non-wetting mate- 
rials, i.e., "phobic" to the cleaning fluid, are used at 
the inside upper portion of first reservoir 30 in order 
to create reverse or negative menisci of the fluid 
which extends above weir 34 when f irst reservoir 30 
is filled with fluid. 

The apparatus also comprises a transducer 39, 
which is a device capable of emitting megasonic vi- 
brations as described above. The cross-sectional ge- 
ometry of transducer 39 is not critical to the present 
invention, although, it is generally preferred that the 
transducer has the same cross-sectional geometry 
as first reservoir 30. The details concerning such 
megasonic transducers are known to those skilled in 
the art. Megasonic transducers suitable for use in the 
apparatus of the present invention are available, for 
example, from Branson Ultrasonics Corporation, 
Danbury, Connecticut. The transducer is disposed at 
the bottom end 32 of first reservoir 30 in order to gen- 
erate megasonic vibrations in a generally perpendic- 
ular direction from bottom end 32 toward the top end 
31. Transducer 39 may be mounted, for example, be- 
low bottom end 32 and bottom end 32 can be com- 
prised of a material transparent to the megasonic vi- 
brators, e.g., quartz. 

Preferably, the apparatus further comprises a 
m ans for withdrawing th fluid from second reser- 
voir 35 and recirculating the withdrawn fluid to first 
reservoir 30. It is also preferred the apparatus further 
comprises a means for filtering the withdrawn fluid to 
r move particular materials. A first conduit 40 is pro- 
vided having a first end connected to bottom end 37 
of second reservoir 35 and in communication with the 
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interior of second reservoir 35 and a second end con- 
nected to an inlet of a pump 41. A second conduit 42 
is provided having a first end connect d to an outlet 
of pump 41 and a second end connected to an inlet 
of a filter 43. A third conduit 44 is provided having a 
first end connected to an outlet of filter 43 and a sec- 
ond end connected to an inlet of a heating and cooling 
element 45. A fourth conduit 46 having a first end con- 
nected to an outlet end of heating and cooling ele- 
ment 45 and a second end connected to the bottom 
end 32 of first reservoir 30 and in communication with 
the interior of first reservoir 30. 

The details concerning the pumps, filters and 
heating and cooling elements suitable for use in the 
apparatus of the present invention are known to 
those skilled in the art and are commercially avail- 
able. Preferred filters for use in accordance with the 
present invention are depth filters which have a par- 
ticle size ranging from about 0.1 to 10 microns. Such 
depth filters are commercially available, for example, 
from Millipore Corp., Bedford, Massashusetts. An- 
other means for removing the particular materials is 
by membrane filtration, the details of which are 
known by those skilled in the art. 

Preferably, a cover 47 is provided in order to min- 
imize evaporation of the cleaning fluid when the ap- 
paratus is not in use. 

The overall size of the apparatus is not critical to 
the present invention. Since the cleaning can occur 
by movement of the object relative to the cleaning flu- 
id, the apparatus can be smaller than the object itself. 
A typical apparatus in accordance with the present in- 
vention will have a length of about 1 to 6 inches to ac- 
commodate the firstand second reservoirs, i.e., point 
A to point B on Figure 2. The width will typically be de- 
pendent upon the width of object being coated which 
often ranges, for example, from about 6 to 24 inches 
(not shown on Figure 2). 

Although, the present invention has been descri- 
bed with respect to specific aspects, those skilled in 
the art will recognize that many variations are possi- 
ble within the scope of the claims that follow. For ex- 
ample, in addition to the specific coating methods de- 
scribed herein, those skilled in the art will recognize 
that the present invention may be applicable to other 
processes such as, for example, a cleaning step eith- 
er prior to or after applying a metal coating to a sub- 
strate, e.g., metalizing. 



Claims 

1. A method for cleaning ah object, comprising: 

a) introducing megasonic vibrations into a vol- 
ume of liquid cleaning fluid having an upper 
liquid level, the fluid being contained in a first 
reservoir having a weir, the vibrations being 
effective to cause the upper level of the fluid 



to rise above the weir at a distance of at least 
0.5 millimeter and the fluid to flow over the 
weir into a second reservoir; and 
b) contacting the upper level of the fluid 
5 above the weir with a surface of the object, 

the surface being disposed above the weir 
such that at least a portion of the fluid con- 
tacts the surface prior to flowing over the weir 
into the second reservoir. 

10 

2. A method as claimed in claim 1 further oompris- . 
ing advancing the surface of the object relative to 
the weir Jn a generally horizontal direction. 

15 3. A method as claimed in claim 1 or claim 2 further 
comprising circulating the fluid by withdrawing 
the fluid from the second reservoir and introduc- 
ing the withdrawn fluid to the first reservoir. 

20 4. A method as claimed in any one of the preceding 
claims wherein the vibrations are effective to 
cause the upper level of the fluid to rise above the 
weir at a distance of from 1 to 10 microns. 

25 5. A method as claimed in any one of the preceding 
claims wherein the megasonic vibrations are in- 
troduced at a frequency of from 800 KHz to 1.8 
MHz. 

30 6. An apparatus for cleaning an object, comprising: 
a) a first reservoir having a top end which is 
at least partially open, a bottom end which is 
at least partially closed, at least one side wall 
and a weir disposed at the top end; 
35 b) a second reservoir having a top end which 

is at least partially open, a bottom end which 
is at least partially closed and at least one side 
wall, the second reservoir being positioned 
such that the top end of the second reservoir 
40 is below the top end of the first reservoir and 

aligned to receive a liquid cleaning fluid flow- 
ing from the first reservoir over the weir; and 
c) a transducer disposed at the bottom end of 
the first reservoir, the transducer being capa- 
45 ble of generating megasonic vibrations in a 

generally perpendicular direction from the 
bottom end toward the top end of the first re- 
servoir. 

so 7. An apparatus as claimed in claim 6 wherein the 
at least one side wail has an upp r end which 
comprises the weir. 

8. An apparatus as claimed in claim 7 wherein the 
55 first reservoir has four side walls and the upper 

end of each side wall forms the weir. 

9. An apparatus as claimed in claim 7 wherein the 
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first reservoir has one continuous side wall form- 
ing a circular cross-section wherein the upper 
end of the side wall forms the weir. 
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